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ABSTRACT
Two relatively new tools for analysis o

coUPiled in ev luatio4 studies ure.Preseited.
Test-Equating tudy in 'Reading, known as.the,Inchor Test Study,_
produced iables of score-correspondence-betweeiCtheeight readii-
cOmpreAension and vocabulary tests most widely used in the United
States. Two-types of tables from this report should be most useful
for educational evaluatiim studies. *list are tables that show
eguivalewriuv scores for individual puPils for each of the 28' pairs
of-reading-domprehension and-vocabulary.,tests. The structure of these
tables is presented. A second set of equivalency tables, nearly
identiCal- in structure, shows equivalent raw-score means for schoolS,
on each of the 28 wits of tests. Separate 'tables are provided by the
study. for -individuals and groups of, pupils in grades 4-6. To
illustrate-the use of the AnchJr Test\Study results in edUcaticu al
evaluations, four designs are considered. A second tool considered is
sampling theory not often used toy/ advantage in_educational
evaluation.-For studies that involve Populations exceeding 300 units
of analysis; both matrix samplin4jand respondent sampling should be
considered..)References'are given for/furtIer discussions-of these

----methods. (RC)
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Clain novelty for a technical procedure in evaluation is a dangerdus

business.- Pore often than not, what seems to be an innovation today is in

reality a rediscovery of some once-often -used-but-now-lOst technique, Those

of'us in evaluation can make but a sad' case for our skill as arrhiviSts;

or perhaps we should take additional course work in the-history of education.

les cone readily to mittd:, The educational assessment movement

are criterion-referenced testing. It cannot be denied that large scale educe--
,

tional asses is have enjoved widespread growth in popularity during the past

ew years.,, Dr. Tyler's leade.rship with C.NPI:: has come a vital and praniising

national, assessment program. 'State departments of e3ucation have, in just'

a few short years, Moved from ope.n resistance to large-sCale comparative

assessment, tot the investment of thcusands if not rillions, in. their. own assessment

programs
, school districts too, are now contracting with the major

testing to design and conduct district-wider assessmentSs. One would

suspect.that ese latter activities are unprecedented, and a natural outgrcwth

of the natio and statewide assessment programs. But some day1:11 yo

find yourself in a good library an hOur to kill, pick up the 1916

Yearbook of the National Society for the Study of Education. In it you will

find the report of a district-wide assessment, conducted-by Elwood P. Cubberly

for .Salt Lake City in the previous year Are the modern assessments different?

Certainly. But hardly to a degree that would support 'a claim to innovation.

The case for novelty of criterion-referenced testing waa dealt a serious blow

in 1972 by Peter Airasian and George Padaus in an article' in ki:easurement in
s

Education. They cite a 1918 statement by E.L. Thorndike defining the difference

between criterion-referenced and norm - referenced testing `and then note the use

of, criterion-referanced rreasurment in a 1916 study by the Boston Public Schools.

1
Presented at the 1974 Annual Pleeting of the American Educational Research
Association,.Chicago Illinois.



The Boston study
, (by F. T.I. Ballow) is also reported' in the Fifteenth Yearbook

of the National Society for the Study of Education; interestingly, ,titled

Standards and Tests for the Measurerrent of the Efficiency of Schools and

School Systems.

r ath this bacKground of claimed innovation rent asunder it with some

trepidation that I proPose ;two relatively nest tools for evaluation studies. Iet

me say at the outset that neither represents entirely new technology; just 'pro-

\

cedures thathaVen"t,been used to a great.,degree.:in past evaluation 'Studies )

Unless..I.haven't found :theright,ivolume of history.

The )Natichal Test-Equating .Study in Reading, More .carmonly known as the

Anchor Test : was cc4leted,,,in 1.973.
b

As reported in an AERA symposium

..

held last year, (Bianchini, 1973; IrATet 1973; Jaeger 1973) the Study

produced tables of score-correspondence between the eight reading canprehension

and vocabulary tests most widely used in the,United States. Men the final

report on the Study is released by the 1.1,IS. Office of Education later this

year, two types of tables should be most: usei4u.1 for educational evaluation

studies. First are tables that shoW equivalenraw scores for indivic lual

pupils for each of twenty-eight pai vs, of reading comprehension and, vocabulary

tests. The structure of these tables is shown in Table 1. A second set of

equivalency tables, nearly identical in structure, shows equivalent raw-score

means for schools' on each of the tTirenty-eight pairs of-tests. ,Separdte4"'tables

are provided by the Study for individuals and grouPs of pupils in grades fotrc

five and six.

lb illustrate the use of :Anchor Test Study results in educational evalu-

ations, consider fOur detigns proposed by Arrlrew Porter in an 17 RA paper

delivered last year (Porter, 1973). Consistent with Porter's paper, I will
. -

label these design Case I and Case II, and within each design, specify

Situation A and _Situation 13. Case I represents the rarely-occurring

evaluator's dream wherein units of analysis are randomly assigned to an

e.xperiMental group and a control group. An observation on a variable of interest
,

is made at.the' outset of the experiment, the treatment to be



-/

evaluated is applied to the e.xperisnental group, and a final observation

is then: on both the experimental group and the control group.: This is

nothing more than the randomized pre-post, two-group 'design suggested by

Campbell. and Stanley (1963). To use the_Anch6r Test Study results with this

degign, the variable observed at the outset of the experiment, at the end of

the experiment, or at both tirries:,: must be reading corrprehension or reading

vocabulary. Porter's Case II represents thetmord -frequent situationw4erein

units of analysis are assigned to an expeamental group or to a comparison
.

group in scare purposeful (non-random) way. Again, pre-treatment and.post-
,

treatyent observations are made on both gioini-S, so- we have a pte-post trao-group,-.'
N

design without random assignment.
/.

Situation A occurs when the test used for pre - treatment measurement and

posttreatment measurement are paraDel, and Situation 73 occurs when different,

or non-paraliel, measurements are, rade pre-treatment and post7txeatment. These

desigis are shown in the Campbell and) Stanley notation in Table 2.

Porter examined the efficiency of four analysis strategies for each of

these designs.: Analysis of covariance with a randOreoovariate,- analysis of

variance with an index of response as the dependent variable, repeated measures

analysis of variance, and analysis of covariance with estimated true-scores

as a =earn covariate.

For Case I'- Situation A designs (randoni assignment and use of parallel

pre- and post-tests) , analysis of variance on the dependent ii-ariableg Post-

test score minus within-group reliability tirreser prekest score (an index of

response) was found to 'be the irost efficient analysis proc:eduie! To be

a
efficient this procedure requires that the reliability of the pre and post

measures be _known. 'Men reliability is not known, analysis of covariance

using. pre-test scores as a .coves late is recanrended by Porter.

When pupils are the units of analysis, the Anchor Test Study tables of



,score-corresponl%rce-faciriividinls Can facilitate use of 1:Zie. stratesies

reconcended by Porter. Pry test measures and post-test measures can consist

of scores on any of the eight reading c9rpecehension tests or any of the eight

vocabulary tests equated in the Anchor; iTest Study. Prior to analysis, the

PO4:es of individual pupils must be converted to scores on a single test,.)
using'. the equating tables.

,

The procedure for conversion of scores'' quite imple. First, the test
to be used in the final analysis must beselected. A logical .choice is

the testffar which the largest number of data are avail&

of scores from, one test to another adds-an error of equa

omnipresent error of measurement. Although the standara

one-half a raw-score'roint

. Conversion

errors of measurement typically in the range two to four

the 70 tyr3es of errors are cUmulative ;and-should best be

the test .too be used in the analysis has :been. selected

tables are "used to convert scores on all oLher tasfs to sc

Anchor Test Study

on the 'analysis test. If test results i pupils ,are available lin raw-score
/

fOrM, ;the'Anchor-Test- Study tables can be used directly. If results are.

available only in some standard-score form (such- as percentile ranks or

grade equivalent units), publishers' norms must be used to convert back

to equivalent raw scores, prior to using the Anchor Test Study equating table's.

The Anchor Test-Study provides precise estimates of -paraila.=fOriTti-t-e-st-

A re...ha/4We%
retest. "for the .eight .reading canorehension'and vocabulary subtests ted.

the experimental and control-groups used in the evaluation can be assumed to

be equal in heterogeneity on these measures to the natiounide populations of

fourth, fifth, or sixth-graders, theAnchor Test reliability estimates can

be used with the analysis of variance on index cif response. If scores on

different tests are converted to scores on a single thst, the reliability of



the poolw..1 `measures- might,be estimated Lula a weighted_ average of the

relinbilities reported in the Anchior Test Study. The rgeights to be applied

would' equal the proportions of scorns available on each test equated.

'Although this procedure 'would generate some error, the test-retest reliabilities

.differ by no more than 0.08 across tests, arrJ. for the con-metiers' subtiests

used with pup.irsTin-..grade five, differ-by_nomore-than--0.03; the error should

the zefox-e be minimal.

1.11en schools-are-used as-units of analysis in a Case I- Situation A

evaluation design, the Anchor Test Study equating tables for school means might

prove useful. Procedures for conversion of scores would be identical to

those -used with the table for irdivi.clinle. It is a. seeming par&._ox of

classical test theory that the reliabilities of grew means are r larger

than, the reliabilities',of.incliviclual--SCOres-pftrovided individuals are randomly

a:ssitiecie to grribps:____The,standard error of meohurement is smaller for group mean

scores, bUt that is of no consequence for the analysis of variance on an index,

response. Given the assumption of random assigrirent then, the Anchor Test

Study reliability. estimates right still he useful when schools are units-of

analysis.

or Case I - Situation B igns, Porter recommends use analysis'of

covariance with pre,test scores as the covariate. This is scxneuhat less

efficient than analysis of7varian-Ce on an indeX of resvonse particularly when

sample sizes are small. Howeve.r, when the pre-test and post-test measures are
ondifferent, the regression "coefficient of post-test awe pre-test will probably

be Imicnownjmaking the ANOVA procedure, less efficient. Using the .A.nchor Test

-Stiirly equating tables,. Sate formerly' Situatien B designs might be converted to

Situation A designs.. Eight different tests could, be Used `as pre-treatirent or

post-treatrrent measures, and a Situation A c'esign would obtain, provided,the

proportion of scores obtained on each test was approximately the sane for

the pre-treatment and.post-treatment nea.sureme.nts. Thus the. Anchor Test Study



tables Mould permit use of a more efficient pnaiysis procedure.

For both Case II - Situation A and Case II - Situation. Et:de-Signs,' Porter

argues that analysis of covariance, with estimated true, scores. on the pre-

1

treatment treasure as the covariate, is often 'the Method of choice.

alternative contender in Case Situation A designs is analysis of

of_gain_scores.-- _This Method-is-best-on3Y-4hen-the pre-thst-arri post-rest

measure- the same variable with equal reliability. hs in Case I, the Anchor

Test Study results, might- permit the use of this simpler analysis ruxxotedure

-where it would otherwise be infeasible. If -reading comprehension were measured

any of the eight Anchor Test Study subtests, the assumptions 'necessary

to use ANCM of gain scores mould probably be met, provided equal proportions

of pupils received the same sUbtest as a-pre-test and a post-test. Pupils'

scores on the eight comprehension subtests would be converted to scares

on a single stibtest using the Ailchor Test Stu#1, equating tables, just as

described for Case I de igns. If it is necessary to use analysis of covariance

with estimated true test score as the covariate, the-reliability estimates

rzovided by the Anchor Test Study might again prove useful. The necessary

assumption is that the test scores of pupils assigned to the experimental and

control groups have variance equal to that of the populations of foUrth,

fifth or siNth-graders im the nation. If a variety of Anchor Test Stu#y

subtests are Used in the evaluation, the reliability of scores in the

converted-scare pool could be enti7rbed rsing the voightod average procedure

described above. The paraliel-forms test-retest reliabilities provided by

the Anchor Test Study are the type needed to properly estimate true-scores'

--on- the covari.ate.
r.

A second tool that c3er.erves more use thin it gets in ovaluation studies is

/ /

sanpling theory. Although sampling theory has been widely applied in

sociologiCal studies;-,agr- icultural research and population surveys, it is



_ .

often used to advantage in educational evaluation. I'm not c irrtthg that rye

always collect measurements on entire populatiOns, but that we 'tiler use

simple random sampling exclusively; or, treat our data as thouah i. 've used

simple random sampling: In 1963, Cronbach proposed that evaluations could

be Conducted'more efficiently if 'samples pf pupils cartpleted different samples

______of_test items._ _Flatrix_sarrpling is now used in National Assesanent,

increasing numbers of statewide assessments. Alex Law will describe one such

application later in this program. Neither matrix sampling nor sophisticated

examinee-sampling designs have been used to great advantage in local assessments

or evaluation programs, and their datalcollectibn efficiency has suffered for

the omission.

For evaluations that 'involve poPulationS exceeding thee hundred.units of

analysis (either liupils dlassrooras or schools) , bat

dent sampling should :le considered. Neither top

sampling; and respcin-

itself well to a trnio.

minute discussiOn, so.I'll merely callyour attention to work on matrix sampling

by Shoemaker (1970 1971) and Bunda (1973) reported in the Journal of Fauca.--

tional riaaurertent, and to my own work on examinee saninling, reported

meeting last' year (Jaeger,. 1973) . To provide a glance at the latter work,

Table.3 shOws the numbers of sixth-grade pupils that would have to be sampled,

in order to estimate the mean reading achievement in a school district with

1180 sixth-graders, within 0.2 grade equivalent units with 95 percent confi-

dence. Required sample sizes are shown for seventeen different.sampling and

estimation,PrOcedures. It is clear that simple random sampling is far from
p I

being.the most efficient procedure. If you'd like more detail I'd be hapiiy

to send you the entire paper.
. I

Having begun with the contention that not much is really new in the

technology of evaluation, I've tried to show how two relatively olds tools
/

could be:used in new ways. Although the technology of test equating is decades.

use on a .rtational gcale in the Anchor Test :Study may have produced a.

71')



significant tool for educational. evaluators. Sampling theory too, has been

available to us for decades. Perhaps we can increase the efficiency of our

evaluations by employing it wisely.

Or perhaps' there is a new technolcgToe evaluation.
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Table : ,Sizes:of:Samples ReqUired:-.to-EstiniateMean Reading .Achievement
within + 0.2 Gre(de Zquivalent Units with 95.Percept:Confidence.*.

Sarplinp.and Fstiration rrOcedure

Simple RandoM,Sampling(SRS)

Stratified,SamOling by Lorge-Thorndike
Ability ,Test Scores - Six Strata:

Required Sample" Mize

1.061:441d-

Proportional Allocation,(Strat7prop)

Optimal Allocation' (Strat7-opt)

tinearSystematic Samplingt

Alphabetiorder (LgS-alp6)-.

IncreasiniOrder,of.Lorge-lbotndike
- . I .

'Scores (LSE,inC):
\,

Increasing Order of'of Lorge-Thorndike
Scores;.\ Frid Corrections Used. (LSS--E..0

-; \ It -

OrderlteliersecOin Alternate StrataT(LSS-0.R)

Centrally:Located Systematic:SampleS (C$S)

Balanced Systematic Sampling.OSS)

SingleStage.ClustevSamplinv

UnbiaSedEstimation,'\SchoolS Used as
Clusters .(RSC-schoolsunb)

26-puPils

151-pupil

59:'pupila**

t*5pupils* *.:

59 .pupils**:

59 pupils**
. .

,

:59 Pupils**

118 pupils

1041 pupils

:Ratio Estimation,SChools Used:as
Clustere:(RSC-schools 7rat) 394 pupils

-Probabilities Proportiofial to\School
Enrollments, Schools Used as .\
Clusters (PPS:scholols) '577-pupils

probabilities.ProportionaftO7Fifth-Grade
SCAT'Score'TOtalsi SchoolSUSed.4
Clusters' (PPESschools) "236

Unbiased.EstimationClassrpoms Use
as Clusters (RSC-class-unb) 865 pupils

Ratio Estimation, ClassrOoms Used as
:Clusters (RSC-clpp-rat)' 262. pupils

ProbabiliiieaPropOrtional-to CliSsrooM.
EntollmentS,Classrooms:Used_asClusters
(PPS-class) 'or

Probabilities ProPortional to;-J.orge-Thorndike
Score)Totals, Classrooms Used as Clusters.
(PPES-class) 53pupils

314 pupils

*Midcity data, population size ="1180 sixth4grade pupils.
**Five percent is the smallest sampling fraction investigated. Smaller sampling
fractions might provide anceptable precision for these sampling method's.


